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Abstract
We present updated global ﬁts of the Standard Model and beyond to electroweak precision data, taking into ac-
count recent progress in theoretical calculations and experimental measurements. From the ﬁts, we derive model-
independent constraints on new physics by introducing oblique and epsilon parameters, and modiﬁed Zbb¯ and HVV
couplings. Furthermore, we also perform ﬁts of the scale factors of the Higgs-boson couplings to observed signal
strengths of the Higgs boson.
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1. Introduction
In 2012 a Higgs boson, possibly the last missing
piece of the Standard Model (SM), was discovered at
the Large Hadron Collider (LHC) [1, 2]. The observed
properties of the discovered Higgs boson look very
much like the SM ones. Furthermore, no new particle,
except for the Higgs boson, has been observed so far.
Indirect searches for new physics (NP) are therefore as
relevant as ever after the LHC 7-8 TeV run.
In this study we present a global electroweak (EW)
precision ﬁt which provides severe constraints on any
NP models relevant to solve the hierarchy problem. Re-
cent studies of the EW precision ﬁt can also be found,
e.g., in Refs. [3–8]. The precise measurements of the
masses of the top quark, the Higgs boson and the W
boson at the Tevatron and the LHC increase the con-
straining power of the EW precision ﬁt. On the theo-
Based on a talk presented by S. Mishima in the 37th International
Conference on High Energy Physics (ICHEP) held in Valencia, Spain
on July 2-9, 2014.
retical side, full fermionic two-loop EW corrections to
the partial widths of the Z boson have been recently cal-
culated [9–11]. Consequently, theoretical uncertainties
associated with missing higher-order corrections are ex-
pected to be below the experimental uncertainties [12].
For example, the current theoretical and experimental
uncertainties on the W-boson mass are 4 MeV and 15
MeV, respectively. The theoretical uncertainties thus
can be neglected in the ﬁt at the current experimen-
tal precision. We perform a Bayesian analysis of the
EW precision data in the SM and beyond using the
Bayesian Analysis Toolkit (BAT) library [13]. We study
NP contributions to EW precision observables (EWPO)
in a model-independent way by introducing oblique pa-
rameters [14, 15], epsilon parameters [16–18], modiﬁed
Zbb¯ couplings, and modiﬁed HVV couplings to EW
vector bosons (V).
Moreover we also derive constraints on Higgs-boson
couplings from the experimental data on the signal
strengths of the Higgs boson measured at the Tevatron
and the LHC. We consider only the couplings which
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Data Fit Indirect Pull
αs(M2Z) 0.1185 ± 0.0005 0.1185 ± 0.0005 0.1185 ± 0.0028 +0.0
Δα(5)had(M
2
Z) 0.02750 ± 0.00033 0.02741 ± 0.00026 0.02727 ± 0.00042 −0.4
MZ [GeV] 91.1875 ± 0.0021 91.1879 ± 0.0020 91.198 ± 0.011 +0.9
mt [GeV] 173.34 ± 0.76 173.6 ± 0.7 176.6 ± 2.5 +1.2
mH [GeV] 125.5 ± 0.3 125.5 ± 0.3 99.9 ± 26.6 −0.8
MW [GeV] 80.385 ± 0.015 80.367 ± 0.006 80.363 ± 0.007 −1.3
ΓW [GeV] 2.085 ± 0.042 2.0892 ± 0.0005 2.0892 ± 0.0005 +0.1
ΓZ [GeV] 2.4952 ± 0.0023 2.4945 ± 0.0004 2.4944 ± 0.0004 −0.3
σ0h [nb] 41.540 ± 0.037 41.488 ± 0.003 41.488 ± 0.003 −1.4
sin2 θlepteﬀ (Q
had
FB ) 0.2324 ± 0.0012 0.23145 ± 0.00009 0.23144 ± 0.00009 −0.8
Ppolτ 0.1465 ± 0.0033 0.1476 ± 0.0007 0.1477 ± 0.0007 +0.3
A (SLD) 0.1513 ± 0.0021 0.1476 ± 0.0007 0.1471 ± 0.0007 −1.9
Ac 0.670 ± 0.027 0.6682 ± 0.0003 0.6682 ± 0.0003 −0.1
Ab 0.923 ± 0.020 0.93466 ± 0.00006 0.93466 ± 0.00006 +0.6
A0,FB 0.0171 ± 0.0010 0.0163 ± 0.0002 0.0163 ± 0.0002 −0.8
A0,cFB 0.0707 ± 0.0035 0.0740 ± 0.0004 0.0740 ± 0.0004 +0.9
A0,bFB 0.0992 ± 0.0016 0.1035 ± 0.0005 0.1039 ± 0.0005 +2.8
R0

20.767 ± 0.025 20.752 ± 0.003 20.752 ± 0.003 −0.6
R0c 0.1721 ± 0.0030 0.17224 ± 0.00001 0.17224 ± 0.00001 +0.0
R0b 0.21629 ± 0.00066 0.21578 ± 0.00003 0.21578 ± 0.00003 −0.8
Table 1: Experimental data and SM ﬁt results for the ﬁve input parameters and ﬁfteen EWPO considered in this study. The values in the column
“Indirect” are determined without using the corresponding experimental information, while those in the column “Pull” represent the pulls in units
of standard deviations [19].
have the same tensor structures as in the SM, and in-
troduce the scale factors κV and κ f for the HVV and
H f f¯ couplings to SM vector bosons and fermions ( f ),
respectively. Constraints from the EWPO are also in-
vestigated.
The paper is organized as follows: in Sec. 2 we
present our implementation of the EW precision ﬁt of
the SM in some detail. Model-independent constraints
on NP from the EW precision ﬁts are studied in Sec. 3.
In Sec. 4 we derive constraints on the Higgs-boson cou-
plings from the data on the Higgs-boson signal strengths
and the EWPO. Finally we give a brief summary in
Sec. 5.
2. Electroweak precision ﬁt in the Standard Model
Here we present the EW precision ﬁt of the SM that
we have performed in our analysis. Details on the
EWPO considered in the ﬁt can be found in Ref. [6]
and references therein. Compared to our previous anal-
ysis in Ref. [6] by four of the current authors, we update
the data1 on the strong coupling constant αs(M2Z) [25],
1The inclusion of the recent measurements of the eﬀective weak
mixing angle at the hadron colliders [20–24] does not alter our ﬁt
results signiﬁcantly.
the top-quark mass mt [26],2 and the Higgs-boson mass
mH [30–32], and use the recent theoretical expres-
sions for the observables related to the Z-boson partial
widths [9–11], which include the full fermionic two-
loop EW contributions.
The pole mass of the top quark reported by the
hadron-collider experiments is subject to ambiguities
due to the renormalon contribution and to the modeling
of parton showers, colour reconnection, and other tech-
nical details of the Monte Carlo (MC) programs used
in experimental analyses [33–35]. It is believed that the
ambiguity is at the level of 250 to 500MeV [36],3 which
does not aﬀect signiﬁcantly the EW precision ﬁt at the
current experimental precision. Hence we do not con-
sider it in the current analysis.
In Table 1 we present the results of the ﬁt to the
EWPO considered in our analysis together with the cor-
responding experimental measurements (data). In the
fourth column, we also present the indirect determina-
tions of the input parameters and the EWPO, obtained
2Recent data from CMS [27] and D0 [28] as well as the Tevatron
combination in Ref. [29] are not considered here.
3In Refs. [37, 38], the MC mass is converted into the pole mass
via a short-distance mass at a low scale, and the diﬀerence between
the MC and pole masses is estimated to be of the order of 1 GeV.
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Fit result Correlations
S 0.08 ± 0.10 1.00
T 0.10 ± 0.12 0.85 1.00
U 0.00 ± 0.09 −0.49 −0.79 1.00
Table 2: Fit results for the oblique parameters.
Fit result Correlations
S 0.08 ± 0.09 1.00
T 0.10 ± 0.07 0.87 1.00
Table 3: Fit results for the oblique parameters ﬁxing U = 0.
by assuming a ﬂat prior for the parameter or the observ-
able under consideration. The values in the last column
show the compatibility between the data and the indirect
determination [19]. We observe sizable deviations from
the SM inA and A0,bFB by −1.9σ and 2.8σ, respectively.4
3. Model-independent constraints on new physics
from the electroweak precision data
In this section, we ﬁt NP parameters to the EWPO,
together with the ﬁve SM parameters in Table 1. The
ﬁt results for the SM parameters will not be presented
below, since they are similar to the ones in the SM.
First we present ﬁt results for the oblique parame-
ters S , T , and U introduced in Ref. [14, 15]. Those
parameters are useful for models where dominant NP
eﬀects appear in the vacuum-polarization amplitudes of
the EW gauge bosons. When the EW symmetry is re-
alized linearly, the parameter U is associated with a
dimension-eight operator, and thus smaller than the oth-
ers. The EWPO considered in the current study depend
on the three combinations of the oblique parameters in-
troduced in Ref. [6]. We summarize our ﬁt results in
Tables 2 and 3 and in Fig. 1. They do not show evi-
dence for NP and are in agreement with those reported
in Refs. [5, 8].
Next we consider the epsilon parameters introduced
in Refs [16–18]. Unlike the S , T , and U parame-
ters discussed above, the epsilon parameters involve
SM contributions associated with the top quark and
the Higgs boson. Moreover, they also involve ﬂavour
non-universal vertex corrections in the SM [6] and the
vacuum-polarization corrections that are not taken into
account in the S , T , andU parameters [40]. Since all the
4Adopting Δα(5)had(M
2
Z) = 0.02757 ± 0.00010 [39] instead of the
value in Table 1, the pull values for A and A0,bFB become −2.0σ and
2.5σ, respectively, which are in agreement with those in Ref. [8].
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Figure 1: Two-dimensional probability distributions for the oblique
parameters S and T at 68% (the dark region) and 95% (the light re-
gion) ﬂoating U (left) or ﬁxing U = 0 (right). In the right plot, the
individual constraints from MW , the asymmetry parameters sin2 θ
lept
eﬀ ,
Ppolτ , Af and A
0, f
FB with f = , c, b, and ΓZ are also presented.
SM parameters, including mt and mH , have now been
measured, we separate the NP contribution from the SM
one, by deﬁning,
δ	i = 	i − 	i,SM for i = 1, 2, 3, b, (1)
where 	i are the original epsilon parameters. Here and in
the following, a quantity with the subscript “SM” repre-
sents the corresponding SM contribution. Using δ	i, the
W-boson mass and the eﬀective vector and axial-vector
couplings for the Z f f¯ interactions are given by
MW = MW,SM
{
1 − 1
2(c2W,SM − s2W,SM)
×
[
− c20δ	1 + (c20 − s20)δ	2 + 2s20δ	3
]}
, (2)
g fV = g
f
V,SM +
(
g fV,SM − g fA,SM
)(δ	3 − c20 δ	1
c20 − s20
− δ	b
)
+
g fV,SM
2
(
δ	1 + 2δ	b
)
, (3)
g fA = g
f
A,SM +
I f3
2
(
δ	1 + 2δ	b
)
, (4)
where δ	b = 0 for f  b, I
f
3 is the third component
of weak isospin of fermion f , and sW , cW , s0 and c0
are deﬁned in Ref. [6]. Using the above eﬀective cou-
plings, the Z-pole observables are calculated with the
formulae presented in Appendix A of Ref. [6]. Our ﬁt
results for the δ	i parameters are summarized in Tables 4
and 5, where δ	2 and δ	b are set to be zero in the latter.
The corresponding two-dimensional probability distri-
butions for δ	1 and δ	3 are plotted in Fig. 2. The results
are consistent with the SM.
We also consider the case where dominant NP contri-
butions appear in the Zbb¯ couplings (see, e.g., Ref. [41]
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Fit result Correlations
δ	1 0.0007 ± 0.0010 1.00
δ	2 −0.0001 ± 0.0009 0.80 1.00
δ	3 0.0006 ± 0.0009 0.86 0.51 1.00
δ	b 0.0003 ± 0.0013 −0.33 −0.32 −0.22 1.00
Table 4: Fit results for the δ	i parameters.
Fit result Correlations
δ	1 0.0008 ± 0.0006 1.00
δ	3 0.0007 ± 0.0008 0.87 1.00
Table 5: Fit results for δ	1 and δ	3 ﬁxing δ	2 = δ	b = 0.
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Figure 2: Two-dimensional probability distributions for δ	1 and δ	3
at 68% (the dark region) and 95% (the light region) ﬂoating all δ	i
parameters (left) or ﬁxing δ	2 = δ	b = 0 (right).
and references therein). We parameterize NP contribu-
tions to the Zbb¯ couplings as follows:
gbi = g
b
i,SM + δg
b
i for i = R, L,V, A, (5)
where the deﬁnitions of these couplings are given in
Ref. [6]. The EW precision ﬁt provides four solutions
for the couplings, while two of them are disfavored by
the oﬀ Z-pole data for the forward-backward asymmetry
in e+e− → bb¯ [42]. In Tables 6 and Fig. 3, we present
the solution that is closer to the SM. We observe signiﬁ-
cant deviations from the SM, which are attributed to the
measured value of A0,bFB.
In various NP models the Higgs-boson couplings to
the SM vector bosons and fermions deviate from their
SM values. It is therefore of interest to study constraints
on the Higgs-boson couplings from the EW precision
test. We consider a general eﬀective Lagrangian for a
light Higgs-boson-like scalar ﬁeld H, assuming an ap-
proximate custodial symmetry and no other new light
states below a cutoﬀ scale [43–46]:
L = v
2
4
Tr
(
DμΣ†DμΣ
) (
1 + 2κV
H
v
+ · · ·
)
+ · · · , (6)
where v is the vacuum expectation value of the Higgs-
boson ﬁeld, and the longitudinal components of the W
Fit result Correlations
δgbR 0.018 ± 0.007 1.00
δgbL 0.0029 ± 0.0014 0.90 1.00
δgbV 0.021 ± 0.008 1.00
δgbA −0.015 ± 0.006 −0.98 1.00
Table 6: Fit results for the shifts in the Zbb¯ couplings.
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Figure 3: Two-dimensional probability distributions for δgbR and δg
b
L
(left), or δgbV and δg
b
A (right) at 68% (the dark region) and 95% (the
light region). The individual constraints in the left plot are computed
by omittingAb, A0,bFB, ΓZ , σ0h, R0 , R0c and R0b except when speciﬁed in
the legend.
and Z bosons, χa(x), are described by the two-by-two
matrix Σ(x) = exp(iτaχa(x)/v) with τa being the Pauli
matrices. The deviation in the HVV couplings is pa-
rameterized by the scale factor κV , which is equal to one
in the SM. The oblique parameters S and T then receive
the following contributions [47]:
S =
1
12π
(1 − κ2V ) ln
(
Λ2
m2H
)
, (7)
T = − 3
16πc2W
(1 − κ2V ) ln
(
Λ2
m2H
)
, (8)
where Λ = 4πv/
√
|1 − κ2V | is the cutoﬀ scale of the ef-
fective Lagrangian. We present ﬁt results for κV in Ta-
ble 7 and Fig. 4. Typical NP models, such as compos-
ite Higgs models, generate smaller κV (κV < 1), while
larger κV requires that theWLWL scattering is dominated
by an isospin-two channel [48]. The present ﬁt disfa-
vors smaller κV , where the lower bound at 95% cor-
responds to the cutoﬀ scale Λ = 18 TeV. In the right
plot of Fig. 4, we generalize the analysis allowing for
Λ < 4πv/
√
|1 − κ2V | and assuming that the dynamics
at the cutoﬀ does not contribute sizably to the oblique
parameters. We ﬁnd that κV is tightly constrained for
Λ > 1 TeV. Extra contributions to the oblique parame-
ters were studied, e.g., in Refs. [49–52].
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68% 95%
κV 1.025 ± 0.021 [0.985, 1.069]
Table 7: Fit results for the scale factor κV at 68% and 95% probabili-
ties.
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Figure 4: Left: Probability distribution for the scale factor κV . Right:
Two-dimensional probability distributions for κV and Λ. The dark and
light regions correspond to 68% and 95% probabilities, respectively.
4. Constraints on the Higgs-boson couplings from
the Higgs-boson and electroweak precision data
In this section we ﬁt the Higgs-boson couplings to
the data for the Higgs-boson signal strengths and the
EWPO, where the former are taken from Refs. [31, 53]
for H → γγ, Refs. [54, 55] for H → ZZ, Refs. [56, 57]
for H → W+W−, Refs. [58, 59] for H → τ+τ−, and
Refs. [60–64] for H → bb¯ (see also Ref. [65]). We
consider the scale factors κV and κ f for the Higgs-boson
couplings to the EW vector bosons and to fermions, re-
spectively, and do not introduce new couplings that are
absent in the SM. For the SM loop-induced couplings
(Hgg, Hγγ, and HZγ) we assume that there is no contri-
bution from new particles in the loop. For the relations
between the scale factors and the Higgs-boson signal
strengths, we refer the reader to Ref. [66].
In Table 8 we summarize the ﬁt results for κV and κ f
from the Higgs-boson signal strengths. Note that the-
oretical predictions are symmetric under the exchange
{κV , κ f } ↔ {−κV , −κ f }. In the left plot in Fig. 5, we
present two-dimensional probability distributions for κV
and κ f at 68%, 95%, 99%, and 99.9%, where only the
parameter space with positive κV is presented. The re-
gion with negative κ f is disfavored in the ﬁt. The right
plot in Fig. 5 shows constraints from the individual de-
cay channels. The constraints from H → bb¯ are weaker
than that from H → τ+τ− and are not presented for sim-
plicity. It is noted that because of the presence of ﬂat
directions in the ﬁt, the detailed shapes of the individual
constraints depend on the choice of the allowed ranges
of the scale factors. We also consider constraints from
the EWPO with the formulae in Eqs. (7) and (8), which
are valid under the assumptions given above Eq. (6). As
68% 95% Correlations
κV 1.02 ± 0.05 [0.93, 1.11] 1.00
κ f 0.97 ± 0.11 [0.76, 1.20] 0.22 1.00
Table 8: SM-like solution in the ﬁt of κV and κ f to the Higgs-boson
signal strengths.
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Figure 5: Left: Two-dimensional probability distributions for κV and
κ f at 68%, 95%, 99%, and 99.9% (darker to lighter), obtained from
the ﬁt to the Higgs-boson signal strengths. Right: Constraints from
individual channels at 95%.
68% 95% Correlations
κV 1.02 ± 0.02 [0.99, 1.06] 1.00
κ f 0.97 ± 0.11 [0.77, 1.20] 0.10 1.00
Table 9: Same as Table 8, but considering both the Higgs-boson signal
strengths and the EWPO.
Vκ
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f
κ
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1.4 EW+Higgs
EW
Higgs
Figure 6: Two-dimensional probability distributions for κV and κ f at
68% (the dark region) and 95% (the light region), obtained from the
ﬁt to the Higgs-boson signal strengths and the EWPO.
shown in Table 9 and Fig. 6, the constraint on κV from
the EWPO is stronger than that from the Higgs-boson
signal strengths.
Next we consider the case where the coupling to
W+W−, parameterized by κW , can diﬀer from that to
ZZ, parameterized by κZ . Note that theoretical predic-
tions are symmetric under the exchanges {κW , κ f } ↔
{−κW , −κ f } and/or κZ ↔ −κZ , where κZ can ﬂip the sign
independent of κW , since the interference between the
W and Z contributions to the vector-boson fusion cross
section is negligible. Hence we consider only the pa-
rameter space where both κW and κZ are positive. Here
we do not consider the EWPO, since κW  κZ develops
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68% 95% Correlations
κW 1.00 ± 0.06 [0.88, 1.11] 1.00
κZ 1.09 ± 0.10 [0.88, 1.27] −0.12 1.00
κ f 0.94 ± 0.12 [0.72, 1.18] 0.35 −0.16 1.00
Table 10: SM-like solution in the ﬁt of κW , κZ , and κ f to the Higgs-
boson signal strengths.
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Figure 7: Two-dimensional probability distributions for κW and κ f
(left), for κZ and κ f (center), and for κW and κZ (right) at 68%, 95%,
and 99% (darker to lighter), obtained from the ﬁt to the Higgs-boson
signal strengths.
power divergences in the oblique corrections. It means
that the detailed information on UV theory is necessary
for calculating the oblique corrections. The ﬁt results
to the Higgs-boson signal strengths are summarized in
Table 10 and Fig. 7, which are consistent with custodial
symmetry.
We also consider the case where the universality in
the couplings to the fermions is relaxed by introducing
κ, κu and κd for the couplings to the charged leptons,
to the up-type quarks, and to the down-type quarks. In
this case, the Higgs-boson signal strengths are symmet-
ric under the exchanges κ ↔ −κ and/or {κV , κu, κd} ↔
{−κV , −κu, −κd}. Therefore, we consider only the pa-
rameter space where both κV and κ are positive. The
constraints on the scale factors from the Higgs-boson
signal strengths are presented in Table 11 and Fig. 8.
By adding the EWPO to the ﬁt, the constraints become
stronger as shown in Table 12 and Fig. 9.
5. Summary
We have updated the EW precision ﬁts in the SM and
beyond taking into account the recent theoretical and
experimental developments. The results of the SM ﬁt
are presented in Table 1, while the constraints on the
NP parameters (the oblique and epsilon parameters, and
the modiﬁed Zbb¯ and HVV couplings) are summarized
in Tables 2-7. Furthermore, we have performed ﬁts of
the scale factors of the Higgs-boson couplings to the
Higgs-boson signal strengths and the EW precision data
as summarized in Tables 8-12. More detailed analyses
and results will be presented in a future publication [67].
68% 95% Correlations
κV 1.07 ± 0.09 [0.87, 1.24] 1.00
κ 1.13 ± 0.17 [0.80, 1.47] 0.54 1.00
κu 0.89 ± 0.13 [0.65, 1.18] 0.37 0.36 1.00
κd 1.01 ± 0.24 [0.52, 1.51] 0.79 0.60 0.75 1.00
Table 11: SM-like solution in the ﬁt of κV , κ, κu, and κd to the Higgs-
boson signal strengths.
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Figure 8: Two-dimensional probability distributions for κV and κ
(top-left), for κV and κu (top-center), for κV and κd (top-right), for
κ and κu (bottom-left), for κ and κd (bottom-center), and for κu and
κd (bottom-right) at 68%, 95%, and 99% (darker to lighter), obtained
from the ﬁt to the Higgs-boson signal strengths.
68% 95% Correlations
κV 1.03 ± 0.02 [0.99, 1.07] 1.00
κ 1.10 ± 0.14 [0.82, 1.38] 0.14 1.00
κu 0.88 ± 0.12 [0.66, 1.15] 0.09 0.23 1.00
κd 0.92 ± 0.15 [0.65, 1.26] 0.28 0.35 0.81 1.00
Table 12: Same as Table 11, but considering both the Higgs-boson
signal strengths and the EWPO.
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Figure 9: Same as Fig. 8, but considering both the Higgs-boson signal
strengths and the EWPO.
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